Abuta grandifolia (Mart.) Sandwith varies in habit and can be a shrub, tree or liana. Its stem shows successive cambia that produce secondary phloem and xylem. This study analyses qualitative and quantitative differences between the secondary xylem of lianas and shrubs of A. grandifolia, as well as between the successive rings within each habit category. The lianas had wider vessels, shorter vessel elements and thinner fibre-tracheid walls. In the first five successive rings, lianas showed an increase in vessel diameter and fibre-tracheid length, while fibre-tracheid wall thickness decreased. The shrubs showed an increase in the diameter and length of vessel elements and length of fiber-tracheids. In qualitative features the secondary xylem of lianas and shrubs did not differ, except in their type of parenchyma (axial parenchyma diffuse in the liana habit and diffuse to diffuse in-aggregates in the shrub habit). Since significant quantitative differences were found between the successive rings, the first vascular ring is recommended for comparing both habits. Whether this is generally valid in Menispermaceae requires further study.
INTRODUCTION
Abuta grandifolia (Mart.) Sandwith is a species that may occur as a tree, shrub or liana (Mennega 1982) . As in most of the Menispermaceae, the cambial variants of the successive cambia type are preset in the stem. This arrangement consists of axial vascular segments flanked by wide vascular rays separated by residual conjunctive tissue (Jacques & de Franceschi 2007; Tamaio et al. 2009 ). This species is widely distributed in South America and has particular economic importance in Brazil for its use in phytotherapy and food dyes (e.g., Revilla 2001) .
A quantitative analysis of the secondary xylem of Abuta grandifolia, including the diameter and length of the vessel elements and length of fiber-tracheids, was carried out by Mennega (1982) on the tree, shrub and liana habit. She only carried out a descriptive statistical analysis without indicating which successive vascular ring was used in that evaluation. Nonetheless, she noted that the lianas had smaller vessel diameters and shorter fiber-tracheids.
To compare the successive rings in the Menispermaceae family, the only quantitative analysis of the secondary xylem carried out to date has been that of Rajput and Rao (2003) with the shrub Cocculus hirsutus. In that study, the authors analyzed diameter and length of the vessel elements, frequency of vessels and length of fiber-tracheids in six successive rings. They showed decreasing vessel diameters, but increasing lengths of vessel elements and fiber-tracheids towards the most external ring.
Based on the work of Rajput and Rao (2003) , the following questions guided this study: 1) Are there qualitative and quantitative differences between the secondary xylem of lianas and shrubs of A. grandifolia? 2) Are there significant quantitative differences between the several successive rings? 3) Which successive ring should be used in anatomical comparisons of lianas and shrubs in Menispermaceae? To address these questions five successive rings in stems of both shrubs and lianas of of Abuta grandifolia were studied.
MATERIALS AND METHODS

Plant materials
Six samples of Abuta grandifolia (Mart.) Sandwith (Menispermaceae) were analyzed, three representing the liana habit, and three the shrub habit. The liana samples were obtained from the RB (RB 203548, Martinelli, G. 
Microscopic features
Small wood blocks (2 cm 3 ) were cut and softened in boiling water. Transverse sections approximately 18 µm thick were prepared with a sliding microtome. The sections were cleared with sodium hypochlorite (60%), washed in water, stained with safranin and astrablue (Bukatsch 1972 ), dehydrated (Johansen 1940 Sass 1958 ) and mounted in synthetic resin. Macerations were prepared using the Franklin method (Jane 1956 ), stained with safranin and astrablue and mounted in a 50/50 mixture of glycerin and water (Strasburger 1924) . The images were captured with the Image Pro Plus software, version 3.0 for Windows, linked to the microscope through a Media Cybernetics CoolSNAP-Pro video camera. This method was also used to perform the measuring and counting. The terminology used in the descriptions, as well as counting and measuring procedures, follow the recommendations of the IAWA list (IAWA Committee 1989). Tangential vessel diameter, vessel element length, and the length and wall thickness of fiber-tracheids were measured.
Statistical analyses
Descriptive statistical analyses were performed to provide quantitative data for the characterization and comparison of the habits and successive xylem rings. Statistical inference analyses was also conducted, using sample distribution analysis and Kolmogorov-Smirnov normality tests. To analyze the diameter of vessels, a sample dis- 
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tribution analysis was performed, and 100 vessels of each individual were quantified, while in the other variants, the quantitative data are based on 25 counts by ring. Variance analysis was conducted (one-way ANOVA) to test for significant differences in the averages of the quantified characteristics in the comparison of the successive vascular rings. A t-test was conducted to compare a given habit with each one of the quantified variants. As such, the analyses were carried out with the measurements of all successive rings, as well as the first ring alone. All statistical analyses were carried out using the Statistic 7.0 program for Windows.
RESULTS
General description of the wood
The wood of all samples shares the following features: cambial variant of the successive cambia type, indistinct growth ring boundaries (NB: the successive rings do not represent annual growth rings), diffuse porosity, exclusively solitary vessels, simple perforation plates; presence of vascular tracheids, fibers with simple to minutely bordered pits and fibers with distinctly bordered pits (fibertracheids); axial parenchyma diffuse in the liana habit, diffuse to diffusein-aggregates in the shrub habit, large multiseriate rays (ray height >1 mm), composed of procumbent, square and upright cells, with prismatic crystals in ray cells ( Fig. 1 & 2) .
Xylem structure of successive rings
The lianas of Abuta grandifolia show dimorphism in vessel diameter, while the shrubs do not. By the sample distribution analysis, it was observed that the diameter of vessels in the shrubs of Abuta grandifolia presented a normal distribution, while a bimodal distribution was present in the lianas. Based on these findings, two categories were established to classify the diameter of vessels in the lianas: <100 µm (small vessels) and >=100 µm (large vessels). The vessels in shrubs did not exceed 100 µm in diameter and are comparable to the small vessels of the lianas (<100 µm).
Significant differences (p<0.01) were observed between the successive rings of the xylem in the lianas as well as in the shrubs. Using variance analysis, it was observed that the length of fiber-tracheids and the diameter of the vessels in the shrubs increased from the second ring, while vessel element length increased from the first ring. The wall-thickness of fiber-tracheids did not show significant differences (Table 1) . In the lianas, the diameter of the large vessels (>=100 µm) tends to increase from the second xylem ring. The length of fiber-tracheids tends to increase from the second ring, and the wall thickness of fiber-tracheids shows a decrease after the second ring. The diameter of the smaller vessels (<100 µm) and length of vessel elements did not show significant differences among the successive rings (Table 1) . Therefore, in the shrubs, as well as in the lianas of Abuta grandifolia, we observed an increasing diameter of the vessel elements and increasing length of the fiber-tracheids in the successive rings.
There are quantitative differences in the secondary xylem of Abuta grandifolia between the liana and shrub habits. By the t-test, significant differences (p < 0.01) were observed in the following variants: diameter of the smaller vessels, fiber-tracheid length and fiber-tracheid wall thickness. The lianas had small vessels (<100 µm) with a diameter larger than the shrubs and shorter fiber-tracheids with thinner walls (Table 1) . When the analysis was limited to the first ring only, the same differences between lianas and shrubs were noted (Table 1) .
DISCUSSION
The secondary xylem of lianas and shrubs of Abuta grandifolia
The general anatomy of the xylem of the lianas and shrubs of Abuta grandifolia showed no differences, except the type of axial parenchyma, which is diffuse in the liana habit and diffuse to diffuse in-aggregates in the shrub habit. A similar pattern was also reported by Mennega (1982) when comparing shrubs, trees and lianas of A. grandifolia.
In the present study, lianas with dimorphism in vessel diameter (< 100 µm and >100 µm) were observed. This phenomenon can be demonstrated by sample distribution analysis (e.g., Carlquist 1985) . Our results showed that the diameter of the narrow vessels (<100 µm) is significantly smaller in the shrub habit. A similar pattern was also reported by Mennega (1982) . This trend is in agreement with earlier studies showing that the lianas have wider vessel elements than trees or shrubs (e.g., ter Welle 1985; Iqbal 1994; Gasson & Dobbins 1991) , usually in addition to more or less distinct populations of narrow vessels (Baas et al. 1983 , Baas & Schweingruber 1987 . While reports focusing on the same species in different habits are rare, Vieira (1994) did study the wood anatomy in the liana and shrub habits of Bauhinia radiata Vell. and also found wider vessels in the climbing form.
Our results on vessel element lengths pointed to the similarities in both habits, in agreement with Mennega (1982) . Finally, we analyzed the length and wall thickness of fiber-tracheids and found shorter cells in the lianas, again supporting Mennega's data. We also found thinner fiber-tracheid walls in lianas as compared to shrubs, although this parameter was not analyzed by Mennega. Rajput and Rao (2003) observed a decrease in the diameter of vessels from the center towards the periphery for the lianas and shrubs. In this case, the authors only carried out a descriptive statistical analysis, but it would still have been possible to determine the different averages between the first (193 ± 10.53 µm) and the last (138 ± 9.24 µm) sampled ring. Therefore, to properly analyze cellular quantitative data, we need a method that measures the statistical differences between the xylem rings. To accomplish this, we carried out a variance analysis among the first five successive rings for all quantified characteristics in A. grandifolia. If the statistical results indicated the absence of significant differences between the rings, then any vascular ring could be used for the comparative xylem studies. On the other hand, the presence of significant differences would indicate the need for choice (standardization) of the vascular ring. Our data showed significant differences (p< 0.01) between the successive rings of the xylem in the lianas as well as in the shrubs. With the variance analysis, it was observed that the length of fiber-tracheids, in addition to the length and diameter of the vessels (<100 mm), increased in the shrubs. The other variables did not show significant differences (Table 1) . The lianas showed an increase in the diameter of vessels (> =100 mm) and length of fiber-tracheids, but a decrease of wall thickness of fiber-tracheids. Another study that focused on quantitative analyses in successive rings was developed by Horak (1981) in Phytolaccaceae, but, again, only descriptive statistical analysis was applied. He describes a decrease in the length of the vessel elements in each of the seven successive rings of Stegnosperma, contrary to both our results and those of Rajput and Rao (2003) .
Successive rings of lianas and shrubs of Abuta grandifolia
Our results demonstrate the necessity of establishing a standard by which to measure the statistical differences between the vascular rings in wood anatomy studies for the Menispermaceae. The first ring is formed by the products of a single cambium originating from the procambium and pericycle (e.g., Tamaio et al. 2009 ), in addition to primary xylem and phloem. Successive rings are formed by a lateral meristem that produces conjunctive tissue, which, in turn, will form new cambia (Carlquist 1996; Tamaio et al. 2009 ). In the comparative analysis between lianas and shrubs, the first ring showed the same differences observed when we compared all rings, indicating that the first ring alone clearly demonstrates the differences between habits. For this reason and because the first rings are homologous in both habits, we recommend that the first ring be used.
Standardization through the first ring may contribute to future studies of Menispermaceae anatomy because materials deposited in herbaria can be used; however, a study with a higher number of taxa must be performed to test whether this standardization could be extended to other Menispermaceae. It should be pointed out that, when a given species has successive cambia, it is recommended that stems with at least two developed vascular rings be used, as indicated in the work of Tamaio et al. (2009) who confirmed that upon formation of the second ring, the differentiation of the first ring is already complete.
Studies that examine size variation in vascular elements most frequently involve plants with a tree habit. Two types of analyses are normally investigated: axial and radial variation (Fan et al. 2009 ). Regarding the radial direction, the studies show that, in general, the size of the cell increases and the frequency decreases centrifugally, later stabilizing upon the formation of the adult wood (e.g., Giraud 1977; Bosman et al. 1994; Bosman 1996; Tsuchiya & Furukawa 2009 ). The results of the present study show that both lianas and shrubs of Abuta grandifolia have the same pattern of cell size increase as trees.
